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Self-organized formation of regular nanostripes on vicinal surfaces

Yan-Mei Yu and Bang-Gui Liu
Institute of Physics and Center of Condensed Matter Physics, Chinese Academy of Science, P. O. Box 603,
100080 Beijing, People’s Republic of China
(Received 7 June 2004; revised manuscript received 9 September 2004; published 12 November 2004

We explore the mechanism of self-organized formation of regular arrays of nanostripes on vicinal surfaces
by using a phase-field model. Epitaxial growth during deposition usually results in both nanostripes and islands
on terraces of a vicinal substrate. Postdeposition annealing at elevated temperatures induces growth of the
nanostripes but makes the islands shrink. It is a ripening process of the mixed system of the nanostripes and the
islands, being dependent upon the temperature and strain. It is accompanied by a transition from the diffusion-
limited regime to the detachment-limited regime induced by the strain at high temperatures. This ripening
makes the islands diminish and on the other hand makes the nanostripes smoother. As a result, the islands
disappear completely and the regular arrays of nanostripes are formed on the vicinal substrate. This theory can
explain the self-organized formation of nanostripes and nanowires on vicinal surfaces, such as the intriguing
regular arrays of Fe nanostripes on the vicinal W surfaces.
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I. INTRODUCTION centration at reasonable scales of time and space. Atomic

Regular arrays of nanostripes of the Bietals such as Fe, deétachment, as an element of a reversible growth process,
Co, and Ni grown on vicinal surfaces of W and Mo are a}lso is included in the phase-field S|mL_1Iat|pns. The phase-
interesting magnetic  nanostructures  for potentialfle|d simulated results show that the epitaxial growth at the
applicationst=® The formation of the regular arrays of nanos- Iow temperature leads to a hybrid configuration of nanos-
tripes originates from dominance of the step-flow growthtripes and islands that are unstable under relaxation condi-
that results from the direct capture of adatoms at the stepiéons during a ripening induced by postdeposition annealing
over the nucleation and growth of islands on the terraces oft elevated temperatures. A transition from the diffusion-
the vicinal surfaces. If epitaxial growth proceeds in the steplimited regime into the detachment-limited regime is induced
flow mode, which can be realized at high temperatures oby the strain during ripening. The ripening induces growth of
with low deposition fluxes, the regular arrays of nanostripeshe nanostripes at the expense of the islands, causing the
can be formed directly in terms of the periodic structure ofislands to vanish but smoothening the fluctuated nanostripes.
the vicinal surfaces. This regime can be described by oneFhe ripening finally leads to the formation of regular arrays
dimensional models, being similar to the step-flow growth onof nanostripes. This theory can be used to explain the forma-
flat substrates, which has been studied by Monte Carldion of experimental nanostripes on vicinal surfaces.
simulation§ and numerical solutions of the reaction- The phase-field model for epitaxial growth on vicinal sur-
diffusion equations. faces is presented in the next section. In Sec. Il we present

However, nucleation and growth of islands in addition tothe phase-field simulated results. In Sec. 1V, we discuss the
nanostripes on a vicinal substrate is inevitable under usuahechanism of the self-organized formation of regular nanos-
conditions. This leads to a hybrid configuration of nanos-tripes. Finally, we conclude with a summary in Sec. V.
tripes bound to the substrate steps and islands situated on the
terraces. However, the mixed structure can reorder into regu- || pHASE-FIELD MODEL OF EPITAXIAL GROWTH
lar arrays of nanostripes by annealing at elevated tempera- ON VICINAL SURFACES
tures with the flux turned off, i.e., postdeposition anneating.

How these regular arrays of nanostripes form is a fascinating In this scheme, by defining a continuum varialdeeof

but open question, which is important, without a doubt, forvalue 0, 1, 2, 3., n, which describes sequentially the bottom
preparation of the magnetic nanostripes as well as nanowirderrace, the first terrace, the second terrace, the third ter-
on vicinal surfaces. It is known that postdeposition annealingace,.., and thenth terrace, we can construct a staircase
leads to relaxation towards equilibrium. The previously pub-substrate, each of whose steps is assumed to be of one atomic
lished work on relaxation of nanostructures on surfaces folayer height. Epitaxial growth on the substrate is described
cused on an isolated island or an ensemble of islands on ey a local increase of the value df, indicating the forma-
whole large terrac&;which undergoes the well-known Os- tion of new atomic layers. The sharp steps between different
wald ripening. atomic layers in atomic models are replaced by spatial tran-

In this paper, we simulate the self-organized formation ofsition zones, across which varies smoothly from one inte-
regular nanostripes grown on vicinal surfaces during postger to another. After being deposited on terraces, adatoms
deposition annealing. We shall use a phase-field mbd#, diffuse laterally with a ratd, producing a continuum field
which can provide fine images for visualizing the epitaxialof the local density of adatoms. We I&=a%v exp(—-Ey/
morphology together with the distribution of the adatom con-kgT), wherea is the lattice constant of the physical substrate,
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v is the attempt frequenc¥, is the energy barrier of diffu- au ob , )

sion, kg is the Boltzmann constant, afdis the temperature. i V-DVu- a aAr=r)at-t), (7)
The influx of adatoms makes the local density of adatoms

much larger than the equilibrium concentration of adatoms atvhere the first term on the right side of E@) represents the

the substrate, which drives the evolution®f lateral diffusion. We modifyD in the phase-field transition
Our starting point is the free energy functional zone to take into account the effect of the Schwoebel barrier
E; on the downward motion of adatoms. The terrace-
_ 1 2 climbing motion of adatoms also is inhibited. The term
H= f dV[ZVVZ(VQD) * f(q>,u)], @ ad/at describes consumption of adatoms resulting from the

o ~evolution of ®. The third term on the right side of Eq7)
where the energy densitf is formulated phenomenologi- represents the random deposition of adatoms. The random
cally as influx of adatoms is reflected by the tempu? in the phase-

1 1 field Eq. (3), which triggers spontaneous nucleation of is-
f(d,u) = — = coq27d) + )\u[— sin(27®d) — ch] (2) lands. The exponent 2 comes from the assumption that the
™ ™ critical size of an island is 1. Here we introduce a parameter
\, to describe the nucleation rate of islands.

in order to makeH reach degenerate minimums dt S ; . .
g The epitaxial growth may be reversible, especially at high

=1,2,3...n. This implies that the system is metastable The “dead” ad belonai island
when ®=1,2,3...n, and deposited adotoms continually temperatures. The “dead” adatoms belonging to an island or

make the system unstable, forming new atomic layers off nanostripe may detach from the edge of the island or the
original terraces nanostripe. Supposing here that misfit strain enhances the

A variational formulation of the phase field model that detachment rate, we obtain éxaE—Eo)/ksT] as the de-

guarantees thatl decreases monotonically in timelH/dt  t@chment probability, wherE; is the atomic binding energy,
<0)is Ee is the elastic energy, arg is an artificial parameter de-
fined for the phase-field model, as a coarse-grained con-
ob 18H tinuum model, to replace the nearest atom number in lattice
g = T 5b models. For every iteration we check if the detachment of
adatoms happens or not, according to the detachment prob-
1 , ability at all spatial grids at the edges of the islands and the
- ;(WZVZ(I) = 2'sin 27) ~ 2(cos 27 ~ AU+ AU, nanostripes. If the detachment happens, we shall reduce the
3) value of ® by 1/(Ax)2. Correspondingly, we augment the
adatom concentration by (Ax)? at the nearest grid node of

where the model paramet&V represents the width of the the lowestd, whereAx is the spacing of the grids.

phase-field transition zone,is the characteristic time of at-  The misfit strain changes stress of the islands and that of
tachment of adatoms at steps, ani a dimensionless cou- the nanostripes in different ways, therefore we formulate the
pling constant. strain energy of the islands and that of the nanostripes in

By using thethin-interface-limit ana|ysi,§2 the model pa- different ways. The misfit strain induces a force monopole on
rameters are related to the characteristic parameters of tH®th edges of each nanostripe, forming in effect a stress do-

system according to the following equations: main structure. The elastic energy per unit area of the nanos-
tripe in the stress domain structure is formulatetf-45s
a W
A= (4) 2c (L . mw
0 Estripe_ T In % sin T , (8

WP wherew is the nanostripe width, is the terrace width, an@

" Ddp (5) is given by
whered, is the capillarity length, which evaluates the devia- C= 4l UEeZ, (9)
tion of the local equilibrium concentration of adatoms at a ml-o

curved step from that at a straight step. We know whereo is the poisson ratick is the Young modulus, and

2 is the misfit. For an island, the force monopole operates

a<c . . X ,
do= —e’:’z, (6) along the island’s perimeter, and the elastic energy per unit
kT area is formulated 3%°
wherec, is the equilibrium concentration at a straight step 2 d
andv is the step stiffness. The numerical constagtanda, Eislana= d In 23’ (10

are determined by the form of the free-energy density and are
evaluated to be 0.36 and 0.51, respectively, in terms of thevhered is the diameter of the island. Two simplifications are

thin-interface-limit analysis. made to derive Eqs8)—(10): (i) Any interaction between
According to the principle of mass conservation, the dif-two islands or between an island and a nanostripe is ne-
fusion equation governing is given by glected;(ii) Undulation of the advancing free edge of the

205414-2



SELF-ORGANIZED FORMATION OF REGULAR. PHYSICAL REVIEW B 70, 205414(2004)

nanostripes may change the stress domain structure and the TABLE I. The parameters used in the phase-field simulations:

elastic strain energy of the nanostrffea phenomenon temperaturd (K), diffusion rateD (units ofa?/s), the three model

which is neglected here. parameterdV (units ofa), A and r (), the two simulation param-
Equations(3) and(7) are discretized in a square domain €tersAx (units ofa) andAt (s).

of sizelAx, wherel is the number of the spatial grid nodes,

by using the second-order finite difference method on uni- T D W A T Ax At

form Cartesian grids, and by using the first-order finite dif-

9> < . . ” 300 8.4x10° 4 7.8x10¢ 77 2 104
ference approximation in the time domain. In addition to the e o 6
restriction thatAt<(Ax)?(5D)7%, the value of time stept is 400 2.Ix1 4 8l 3.0 2 10 ,
also kept low enough to ensure the conservation of mass00  4.5% 1004 18x10° 03 2 X100
The periodic boundary condition is used in all directions. 600  3.5<10" 4  2.0x10> 0045 2 1X10'
Ill. PHASE-FIELD RESULTS OF FORMATION former is dominant over the latter. With the coverage increas-
OF NANOSTRIPES ing, the islands grow, coalesce, and are connected to the

decoration at the substrate steps, forming a connected struc-
fure of one atom height; and then new islands start to nucle-

) h . ) ate on the connected structure. Subtracting the substrate from
Was an input parameter, then determinendr according to the morphology in Fig. 1, we obtain the distribution of the

Egs.(4) and(5) with the systematic parameters determined.qyqmic |ayer thickness on the vicinal substrate with coverage
There is not yet exact experimental or calculated data acceﬁirger than one monolay&ML), as shown in Fig. 2. This

sible for the atomic k'”.e“c on V110 Here, we C_hOOS'Ed figure shows that channels of the connected structure shrink
=0.53 eV, an intermediate value between the diffusion baryj fina|ly disappear as the coverage increases further, and in
rier for the homoepitaxy system of Feand that for the . aqt many complete nanostripes are formed. The nanos-
homoepitaxy system of W E;=0.50 eV, belng_ th_e same tripes are stacked, forming double lay®L) stripes, which

as the bond energ;l/ of an FeFe atom pair n 'ghe extend along the substrate steps. However, the grown
Fe/F¢100 systemi® E=0.06eV, an intermediate goconq.jayer islands disturb the DL nanostripes, which leads
Schwoebel barrier for metal systefifsy=10"2 a usual value 15 4 mixed structure of nanostripes and islands.

for Tetal systems. In addition, we choosE=2.0 Then, we focus on the time evolution of the epitaxial
X 10*? dyn/cnt and0=0.28 in the calculation of the elastic overlayer as shown in Fig.(d) after the flux is turned off.
energy, referring to the elastic mechanical property ofe. the simulations are designed for two cases. For one case no
The terrace width of the vicinal surface is chosen to be thg;rain is taken into account, and for the other case the 10%

experimental value 30 _ misfit strain(a value for the system of Fe/Ws included
Furthermore, we adjusty and \,, to match simulated re-

sults to the experimental images of Fe(M0. We first
simulate the epitaxial growth on the vicinal substrateTat
=300 K and achieve the simulated images that resemble the
scanning tunneling microscopy imadesf Fe on WZ110)
vicinal surface at the same temperature. Héyés taken as
1.5X10°°, which is consistent with the value evaluated ac-
cording to Eq.(6) with c.q~ exp(aE;) wherea=1-2, and
y=2.55 J m?, the value of the surface energy of ¥eThe
agreement of the simulated images with the experimental
ones indicates that the values of our parameters are reason-
able, which guarantees the reliability of the following quali-
tative simulations.

Neglecting the variation o€ in the temperature range
of 300-600 K, we derived,~ T2 from Eq. (6) with y
~T7% Then we choose values df at the other temperatures
according to the value ay at T=300 K. The nucleation of
islands is neglected in the simulations for the postdeposition
annealing at high temperatures. The dependence of phase-
field simulated results on the model parameters as well as the
simulation parameters has been discussed in Ref. 14. The £1G 1. The simulated images, on 28@50a2 (a is the lattice
reasonable values of these parameters, as shown in Tablechnstant of the substrateof epitaxial morphology on the vicinal
allow us to simulate the epitaxial growth qualitatively. substrate aff=300 K for the different coverages &) 0.24, (b)

Figure 1 shows the simulated images of the epitaxiab.69, (c) 1.21, and(d) 1.66 ML. The white arrow points to the
growth on the vicinal surface at=300 K. It is clear that the nanostripe, and the black the island. From right to left is the down-
epitaxial growth starts with both the nucleation of the islandsward direction of the vicinal substrate. The model and simulation
and the step-flow growth at the substrate steps, but thparameters are given in Table I.

In the phase-field simulations, we measure length in unit
of a, which indicatesa=1 in the relative expression. We take
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FIG. 2. The atomic-layer thickness distribution on the vicinal
substrate of 258 2508, with coverages ofa) 1.21, and(b) 1.66
ML. The change from dark to light color represents in sequence the
substrate, the first atomic layéAL ), the second AL, and the third
AL. The white arrow points to the nanostripe, and the black the
island. All the parameters are the same as in Table .

into the simulations. The two types of simulations both are
preformed aff=400, 500, and 600 K, respectively.

Figure 3 presents simulated images of the epitaxial over- i -
FIG. 4. The adatom concentration on the vicinal substrate of

layer during postdeposition annealing 8500 K in the ) . . -
presence of the misfit strain. The distribution of adatom con%slgé 2508° Cgrr?f%%%d'ngAtI? t';'g' 3 a8) tt-2 s (D) ;40 st
centration on the vicinal substrate is correspondingly showq_.able T‘ and(d) t= S € parameters are the same as in
in Fig. 4. Figure 8a) shows that the epitaxial morphology on '
the vicinal substrate still do not appear to change at the initia{
stage of annealing. The convex steps, which were produc ﬂ
by the coalescence of the islands in the epitaxial growth
T=300 K, remain distributed along the free edges of thet
nanostripes. At these convex steps, the adatom concentrati
meets the local minimum, forming local sinks for adatom
concentration, as shown in Fig(ad.

Figure 3b) shows that during annealing, the islands on
the terraces start to decay while the nanostripes expand |
erally with their free edges advancing forwailéftward is

e growth direction Some islands coalesce into the nanos-
pes, which happens in the areas nearest to the convex
teps. Coalescence of the islands and the nanostripes forms
he lateral mounds at the free edges of the nanostripes. The
PEsidual islands on terraces, which are a little far from the
convex edges of the nanostripes, become isolated and con-
tinue decaying. Figure(8) shows that the decaying islands

ecome sources of the adatom concentration in contrast to

he sinks for adatom concentration at the convex edges of the
nanostripes.

Figure 3c) shows that the islands continue to diminish
until there are only the nanostripes left on the vicinal sub-
strate as the annealing continues. These nanostripes have the
alternating ML and DL thickness, as shown in Figa)5 The
mounds produced by the coalescence of the islands and the
nanostripes cause the fluctuation of the free edges of the
nanostripes, therefore the spacing of the nanostripes is not
uniform. Figure 4c) shows that the adatom concentration
has become uniform in most areas on the vicinal substrate

FIG. 3. The simulated ripening images, on 25605082, of an FIG. 5. The simulated images on 28@50a? of the array of
epitaxial overlayer during postdeposition annealingab00 K at  double layer nanostripes during postdeposition annealin@)at
(a) t=2 s,(b) t=40 s,(c) t=100 s, andd) t=600 s. From right to =100 s andb) t=600 s. The dark-gray and the light-gray represent
left is the downward direction of the vicinal substrate. All the pa- the first AL and the second AL, respectively. All the parameters are
rameters are the same as in Table I. the same as in Table I.
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lands. During the postdeposition annealing, further relax-
ation of the hybrid structure is driven by the tendency of
minimizing the total step energy. Related to the local curva-
ture of the step, the relaxation proceeds with the Gibbs-
Thomson effect! i.e., the features with the lowest curvature

have the largest growth motivation. Therefore, the growth
motivation is largest along the convex edges of the nanos-
tripes, where the local curvature is smallest, even being
negative sometimes, with the growth direction of the nanos-
tripe being positive. Consequently, the cost for adatoms is

largest here, leading to the local minimum of the adatom
concentration, i.e., the sink for adatom concentration. In con-
trast, the islands on the terraces and the lateral mounds at the
FIG. 6. The varying coverage of the islandsft pane) and of  edges of the nanostripes, which are encircled by the concave
the nanostripegright pane) during the postdeposition annealing at steps, have a large step curvature locally and exhibit low
T=400 K (square¢, T=500 K (circle), T=600 K (triangle) for the  growth motivation. Hence, the adatom concentration is high
cases that the strain is absgsolid pointy and that the strain is npear these features. Thus, some net mass currents arise, from
presentopen points All the parameters are the same as in Table |.the jslands on the terraces to the nanostripes, and the other
currents arise similarly, from the lateral mounds at the edges
although some sinks still exist near the roots of the moundsf the nanostripes to their bilateral valleys. These mass cur-
at this stage of the annealing. With the annealing going furrents are maintained by the sinks for adatom concentration at
ther, the mounds decay and the free edges of the nanostripiee convex steps during the annealing.
become smoother and smoother. Finally the regular arrays of Along with the adatom currents from the islands to the
nanostripes with a uniform periodic spacing are formed omanostripes, the islands adjacent to the convex edges of the
the vicinal substrate, as shown in FiggdBand %b). The  nanostripes coalesce with the nanostripes, and the other is-
distribution of the adatom concentration becomes more unilands a little far from these convex steps still decay persis-
form on the vicinal substrate, as shown in Figd4 tently. Accordingly, the nanostripes grow forward with the
The nanostripes and the islands evolve in similar ways aadatoms attaching and the islands coalescing into them. Fur-
the other temperatures with or without the strain. Figure &hermore, the adatom currents from the lateral mounds at the
shows the logarithmic plots of the coverage of the islafjds edges of the nanostripes to their bilateral valleys smoothen
versus the annealing time and the coverage of the DL the nanostripes with the mounds decaying gradually. There-
nanostripests vs t. The left panel is for6, and the right fore, mediated by the adatom currents among the features on
panel is foré,. This figure shows tha#, decreases withbut  the vicinal substrate, the relaxation of the original mixed
0, increase with, indicating the growth of the nanostripes at system of the nanostripes and the islands undergoes a ripen-
the expense of the islands for all cases. ing wherein the nanostripes grow at the expense of the is-
Furthermore, the parabolic parts of the plot¥pfst and  lands to lower the total step energy. The ripening makes the
0s vs t indicate that the rate of change éf and that ofé;  islands diminish and on the other hand smoothens the nanos-
both increase witl at the first stage. Then the rate of changetripes, eventually leading to the self-organized formation of
of 6, as well as that of; approaches a steady value, which isthe regular arrays of nanostripes, a structure of better stabil-
indicated by the linear parts of these plots, except that at ity in energy.
=400 K 6 and ¢ vary too slowly to approach a steady rate  The ripening kinetic is reflected by the decrease of the
of change in the limited time window of our simulations. The islands, which controls the formation of the regular arrays of
higher the temperature, the fastrand 6, vary to meet the nanostripes. Consider a single island. There may be two ada-
steady rate. As a whole, the high temperature enhances them currents responsible for the decay of the island. One
variation of 6, and 6,. For the different temperatures, the adatom current is induced by the adatom concentration gra-
plots of g, vst indicate the same power-law exponent accord-dient near the island. If the misfit strain is present, an extra
ing to their linear parts. The exponent is about 0.6 for theadatom current is induced by the enriched atomic detach-
case in which the misfit strain is absent. In comparison, thenent from the edge of the island, which is independent of the
exponent is improved to 1.16 dt=500 K andT=600 K  adatom concentration nearby. We can expressed the declin-
with the presence of the misfit strain, indicating a larger rateing rate of the island radius, induced by the two adatom
At T=400 K the misfit strain causes no evident effect on thecurrents as the following equatidn:
exponent. The power-law exponent #@remains about 0.13
at the different temperatures with or without the strain. dr 1
r—=-D'--D|, (11

IV. MECHANISM OF FORMING h the t ¢ the riaht of E€L1 t
REGULAR NANOSTRIPES where the two terms on the right of E¢l1) represent se-

quentially the diffusion adatom current induced by the ada-
The epitaxial growth on the vicinal surface 300 K tom concentration gradient and the adatom current induced

produces a hybrid structure of the nanostripes and the iy the atomic detachment. The parametBrsand D; are
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related to the diffusion rate and the detachment rate, respec- d
tively. 0.08 0 10 20 30 40
Equation(11) indicates that the decaying rate of an island ' ' ' ' '
is enhanced by the high temperature and the strain by in-
creasingD’ and Dy, respectively, which agrees with the 0.06-
simulated results illustrated in Fig. 6. As a whole, the high
temperature and the strain enhance the ripening, and there-
fore accelerate the formation of the regular arrays of nanos-
tripes during the postdeposition annealing.
When the misfit strain is absent, the declining rate of
determined by the diffusion of adatoms. By integrating Eq. 0.02-
(11) according to the diffusing adatom current, we obtain

AxD'(to—1)??, (12) 0.00

0.04+

E (eV)

o . . 0 10 20 30 40
whereA is the island area artg is the time whem decreases w

to be zero. From Eq(12), we deduce that the power-law _ _ _
exponent ofA vs t is 2/3, being consistent with the steady- ~ FIG. 7. The elastic strain energy per atom of the isla(ttie
state value of; vst obtained without the misfit strain, which solid line) and of the nanostripeghe broken ling on the vicinal
indicates that the ripening of the hybrid structure isSurface with the terrace width of 20, 30, and a0from the left to
diffusion-limited for the case the misfit strain is absent. ~ "9hY-

As for the case in which the atomic detachment becomes

dominant for the decay of the island, we obtain induced by the enriched atomic detachment always complies
, with the directional mass currents induced by the sinks of
A= Dglto—t) (13 adatom concentration at the convex steps, which ensures the

by integrating Eq(11) in terms of the detachment current of formation of the regular arrays of nanostripes on the vicinal
adatoms. Equatioxil3) indicates that the power-law expo- Surface.

nent ofAvstis 1, consistent with the steady-state valu&.of

vs t obtained for the cases the misfit strain is preser at V. CONCLUSION

=500 K andT=600 K. This means that dt=500 and 600 K In summary, we have explored the mechanism of the self-

the elastic strain energy enhances the atomic detachment §0.-hi;ed formation of regular arrays of nanostripes on vici-
greatly that the ripening of the hybrid structure is driven into ) g\, faces through the phase-field simulations. The nanos-

the detachment-limited regi_me,_whe_re_ the “p?”ing rate I?ripes and the islands are formed simultaneously on the
larger than that in the diffusion-limited regime. AT \;nina| substrate in the epitaxial growth at the room tempera-

=400 K, the atomic detachment is not activated by the elasg e bt they both tend to ripen during the postdeposition

tic strain energy, therefore the ripening remains diffusion-yneajing at the elevated temperatures. The ripening, accel-
limited. \

erated by the strain, on one hand drives the islands to vanish,

Moreover, the features on the vicinal substrate have d'f'and on the other hand makes the nanostripes grow wider and

ferent elastic strain energy. Figure 7 gives the elastic straigy,osther. There is a transition, induced by the strain at the
energy, calculated according to Eq8)«10) for the island  pion temperatures, from the diffusion-limited regime to the

and the nanostripe on a vicinal substrate. This figure ind!'detachment—limited regime. As a result of the ripening, the

cates that when the terrace width of the vicinal substrate 'Fegular arrays of nanostripes are formed on the vicinal sub-
between 28 and 4@, a reasonable numerical range for in-

hibiting dis| . . itaxial acal ¢ I strate in a self-organized way. The phase-field theory can be
ibiting dislocations in epitaxial structurésaimost for all a4 o describe the formation of regular arrays of nanos-

hat of th ' hi hat th b aHipes and nanowires on vicinal surfaces, such as the well-
that of the nanostripes. This means that there may be moig,,in Ee nanostripes on W crystal surfaces.

atomic detachment, enhanced by the larger strain energy, at
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